To determnine the effects of ventricular preexcitation via accessory atrioventricular connections (ACs) on the sequence of basal ventricular activation, electrophysiologic study records of 22 patients with AC were reviewed. In each, AC site was confirmed by mapping done at operation. Local ventricular preexcitation (VP), defined as earlier timing of a local ventricular electrogram relative to the surface electrocardiographic QRS onset in preexcited compared with in normal QRS complexes, was assessed at the coronary sinus and at the ventricular septal summit recorded from the His bundle site. Five patients with concealed AC did not have VP. VP patterns with manifest AC were similar during average fusion QRS complexes and maximum ventricular preexcitation. Left free wall and left crux AC produced VP apparent on the ventricular electrogram recorded at the coronary sinus alone. With anteroseptal AC, VP was noted only at the ventricular septal summit. Posteroseptal AC produced VP that was apparent on the ventricular electrogram recorded at the coronary sinus and on the electrogram of the ventricular septal summit. Right free wall AC preexcited neither of these basal ventricular regions. The observation of VP patterns may help in localizing AC and may be particularly useful in patients without retrograde AC function at electrophysiologic study.
timing of local electrograms recorded from these two ventricular sites. In addition to the physiologic insight such information provides, the pattern of local ventricular preexcitation varies with the position of the responsible accessory atrioventricular connection and therefore helps to locate the site of the pathway. Since bundle branch block (BBB) alters the sequence of ventricular activation, we also assessed its confounding effects on indexes of local ventricular preexcitation.
Methods
Patient population. Appropriate preoperative and operative electrographic recordings were available in 22 patients (16 from Stanford University Medical Center and six from the Herbert C. Moffitt Hospital, University of California at San Francisco) who underwent successful operative localization and ablation of a single accessory pathway. Seventeen had manifest ventricular preexcitation and five had concealed accessory atrioventricular connections. There were 14 male and eight female patients with a mean age of 29 years (range 7 to 59). Additional cardiovascular disease was present in three patients. One patient with a posteroseptal accessory connection also had Ebstein's anomaly of the tricuspid valve, one with a right anterior free wall accessory connection also had mitral valve prolapse and hemodynamically significant mitral regurgitation, and one with a left posterior free wall accessory connection had an endocardiomyopathy.
Electrophysiologic studies were performed at least 48 hr after discontinuing all antiarrhythmic medications. These studies in-cluded electrographic recordings from the high right atrium, right ventricular apex, coronary sinus, and His bundle region during sinus rhythm, atrial pacing, ventricular pacing, and orthodromic reciprocating tachycardia. The number of recorded surface electrocardiographic (ECG) leads ranged from 3 to 6, always including at least I, aVF, and V, or x, y, and z scalar leads. In operative studies, documentation of the accessory atrioventricular connection and its site included atrial epicardial (and in some cases, endocardial) mapping during ventricular paced rhythm and/or orthodromic reciprocating tachycardia and, in the patients with manifest accessory connections, ventricular epicardial mapping during sinus or atrial paced rhythm. Accurate localization of the accessory connection was also documented by absence of its electrophysiologic manifestations after a local ablative procedure.
Catheter measurements. All measurements of local activation times were obtained from recordings taken on paper at speeds of 100 mm/sec or greater. Local activation was represented by the onset of the first high-frequency deflection of the intracardiac electrogram, filtered at between 40 and 250 to 500 Hz. The timing of the onset of ventricular excitation in the surface ECG leads, of local ventricular electrograms from the right ventricular apex, coronary sinus, and ventricular septal summit, and of the His bundle deflection were determined during normally conducted and preexcited QRS complexes. Recording of the activation sequence was repeated, if possible, during induced orthodromic reciprocating tachycardia with normal antegrade atrioventricular conduction and with functional left (L) or right (R) BBB. Intracardiac electrograms were recorded with quadrapolar electrode catheters with a 1 cm interelectrode distance. The coronary sinus electrogram was recorded from the electrode pair located in the middle of the coronary sinus, the ventricular septal summit electrogram from the electrode pair with the largest His bundle deflection, and the right ventricular apex electrogram from the proximal right ventricular catheter electrode pair. Local ventricular preexcitation was defined as advancement of the timing of a local ventricular electrogram relative to the surface ECG QRS onset in preexcited compared with normally conducted QRS complexes. The change in timing of the local electrogram was considered negative (denoted -), if the electrogram occurred earlier relative to the surface ECG QRS onset during preexcited complexes.
Statistical methods. Results are expressed as arithmetic means + SD. Comparisons were made by a two-tailed paired t test with significance taken to be p < .05.
Results
Normal QRS complexes. In all patients it was possible to determine activation timing during normally conducted QRS complexes (those without an identifiable delta wave, with an HV interval exceeding 35 msec, and a QRS duration of less than 120 msec). These normal complexes occurred spontaneously, during programmed atrial stimulation, or during orthodromic reciprocating tachycardia. The mean local activation times of normal QRS complexes from the depolarization of the His bundle were 45 ± 7 msec to the surfacelead QRS onset, 58 + 7 msec to the right ventricular apex, 68 + 17 msec to the ventricular septal summit, and 82 + 16 msec to the posterobasal left ventricle at the middle of the coronary sinus (figure 1). The right ventricular apex electrogram preceded "otivation of all other recorded intracardiac ventricular sites in 15 of the 22 patients (68%). In the remaining seven patients the right ventricular electrogram was preceded by the ventricular septal summit electrogram. In one patient the ventricular electrogram recorded from the coronary sinus preceded the right ventricular apex electrogram.
Local ventricular activation times during normally conducted QRS complexes were consistent throughout the electrophysiologic studies. At least two normally conducted QRS complexes, temporally remote from one another, were recorded in 21 of these patient studies. The spontaneous variabilities of activation timing, relative to QRS onset, were comparable -1.0 ± 2.6 msec at the right ventricular apex, 1.4 + 3.2 msec at the ventricular septal summit, and 1.2 ± 2.2 msec at the posterobasal left ventricle. The maximum observed spontaneous variability in timing was 10 msec at each site.
LBBB. QRS complexes conducted with complete LBBB during orthodromic reciprocating tachycardia were observed in six studies. The effects of LBBB on activation sequence timing are illustrated in figure 2. The time from depolarization of the His bundle to posterobasal left ventricular activation was prolonged A. figure 1 .
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by + 49 ± 17 msec (p < .001). There was also a trend toward lengthening of the interval from His to ventricular septal summit activation (-+ 12 + 12 msec, .05 > p < .10). The time from His to right ventricular apex activation was not significantly changed (-6 ± 9 msec). Therefore, neither the ventricular septal summit electrogram nor the coronary sinus ventricular electrogram was advanced relative to surface ECG QRS onset or the right ventricular apex electrogram during LBBB. RBBB. Orthodromic reciprocating tachycardia with complete RBBB was observed in six studies. The effects of RBBB on activation sequence timing are illustrated in figure 2 . The time from depolarization of the His bundle to right ventricular apex activation was prolonged by + 31 ±+ 8 msec (p < .001). There was no significant alteration in the time from His to ventricular septal summit activation (+ 1 + 4 msec) or in that from His to posterobasal left ventricular activation (0 msec). The activation times of these basal ventricular regions, referenced to QRS onset, were not altered by RBBB. However, referenced to activation of the right ventricular apex the activations of the ventricular septal summit and posterobasal left ventricle were advanced by -30 ± 9 msec (p < .001) and -32 + 8 msec (p < .001), respectively. Ventricular preexcitation. Ventricular preexcitation was present and allowed measurement of local ventricular preexcitation by comparison of normal to preexcited QRS complexes in 17 patients. The locations of the accessory atrioventricular connections in these patients are shown in figure 3 and a summary of the extent of local ventricular preexcitation for each patient appears in table 1.
Local ventricular preexcitation was assessed during average fusion QRS complexes and, when possible, during maximum ventricular preexcitation. The widest QRS complex of supraventricular origin observed during ipsilateral atrial extrastimulation or rapid atrial pacing, during atrial flutter or atrial fibrillation, or during antidromic reciprocating tachycardia was taken to represent maximum ventricular preexcitation, provided the QRS duration exceeded 140 msec and the QRS onset preceded depolarization of the His bundle. Maximum ventricular preexcitation was produced in 15 of the 17 patients. The mean QRS duration of those complexes taken to represent maximum preexcitation was 156 ± 21 msec. In three of these (patients 1, 10, and 16) there was no discernable difference between average QRS complexes and maximum preexcitation.
Local ventricular preexcitation at the ventricular septal summit alone was seen only in the patient with an anteroseptal accessory connection (figure 4). In this patient average and maximally preexcited QRS complexes were identical and showed local ventricular septal summit preexcitation of -60 msee. The ventricular septal summit electrogram preceded QRS onset in all preexcited QRS complexes. Relative to QRS onset, local activation of the posterobasal left ventricle and the right ventricular apex was delayed by 20 and 30 msec, respectively.
Local ventricular preexcitation was limited to the posterobasal left ventricle in patients with left free wall accessory connections (figure 5). In these nine patients the degree of posterobasal left ventricular preexcitation relative to QRS onset ranged from -20 to -60 msee (mean 37) during fusion QRS complexes and local ventricular activation in the coronary sinus recording preceded onset of the delta wave in-five patients (56%). During fusion QRS complexes activation of the right ventricular apex and the ventricular septal summit was delayed by a mean of 26 and 29 msec, respectively. Eight of the patients with left free wall accessory connections had maximally preexcited QRS complexes. Compared with that seen during average fusion complexes, the degree of local posterobasal left ventricular preexcitation in maximally preexcited QRS complexes was unchanged in four patients, slightly more marked in two patients (by 5 and 10 msec), and slightly less marked in two patients (by 5 and 15 msec). Maximum ventricular preexcitation did, how- figure 3 ; Q = surface ECG QRS onset; RVA = right ventricular apex electrogram; VSS = ventricular septal summit electrogram; A = change in interval in msec during preexcited QRS complexes (denotes advancement relative to Q, + denotes delay relative to Q).
ALocal ventricular electrogram after RVA in normal QRS, before RVA in preexcited QRS.
BLocal ventricular electrogram precedes QRS with preexcitation. ever, increase the delay in activation of the right ventricular apex and ventricular septal summit to a mean of 62 and 51 msec, respectively. Neither the ventricular septal summit nor the posterobasal left ventricle showed local preexcitation in the three patients with right free wall accessory connections, despite the close proximity of the accessory connections in two of these patients to the ventricular septum. During average fusion QRS complexes local activation times at all recorded sites were delayed. Activation of the posterobasal left ventricle was delayed by a mean of 33 msec, activation of the right ventricular apex was delayed by a mean of 18 msec, and activation of the ventricular septal summit was delayed by a mean of 8 msec. Only the individual with a right posterior free wall accessory connection had different average and maximally preexcited QRS complexes. Maximum ventricular preexcitation in this individual further delayed posterobasal left ventricular activation. The recorded local ventricular electrograms did not precede QRS onset in any individual with a right free wall accessory connection.
Both the ventricular septal summit and posterobasal left ventricle showed local preexcitation in the three patients with posteroseptal accessory connections (figure 6). During average fusion QRS complexes posterobasal left ventricular activation was advanced by a mean of -40 msec and ventricular septal summit activation was advanced by a mean of -20 msec. In one patient the coronary sinus ventricular electrogram preceded onset of the QRS complex. During average fusion QRS complexes activation of the right ventricular apex was delayed by a mean of 13 msec. Maximum ventricular preexcitation enhanced local ventricular preexcitation of both the posterobasal left ventricle and ventricular septal summit and further delayed right ventricular apex activation. With QRS complexes showing maximum ventricular preexcitation, activation of the posterobasal left ventricle was advanced by a mean of -60 msec, activation of the ventricular septal summit was advanced by a mean of -28 msec, and activation of the right ventricular apex was delayed by a mean of 35 msec. With maximum ventricular preexcitation the coronary sinus ventricular electrogram preceded QRS onset in two patients; in the third patient the ventricular septal summit electrogram preceded QRS onset.
The patient with a left crux accessory connection demonstrated a unique pattern of local ventricular preexcitation. The pattern during average fusion QRS complexes was similar to that observed with left free wall accessory connections, with advancement of posterobasal left ventricular activation (-40 msec) and delay in the activation of the right ventricular apex ( + 10 msec) and of the ventricular septal summit ( + 15 msec). However, with maximum ventricular preexcitation activation of the posterobasal left ventricle was further advanced (-60 msec), activation of the right ventricular apex was further delayed (+ 40 msec), but activation of the ventricular septal summit was neither advanced nor delayed. With maximum ventricular preexcitation the coronary sinus ventricular electrogram preceded QRS onset. Ventricular septal summit preexcitation was always observed in patients with septal accessory connections. The absence of ventricular septal summit preexcitation excluded the possibility of a manifest septal accessory connection.
By the criteria developed, none of the five patients with concealed accessory atrioventricular connections had local ventricular preexcitation.
Preoperative accessory connection localization was accomplished by sequence mapping of atrial activation during orthodromic reciprocating tachycardia in 16 of the 17 patients with manifest ventricular preexcitation. The atrial recording site yielding the minimum time 238 from ventricular activation to local atrial activation identified the site of the accessory connection; the mean minimum interval was 116 ± 36 msec. In 15 of these 16 patients the operative electrophysiologic study confirmed the expected accessory connection site. In one patient with a left free wall accessory connection (No. 10) preoperative atrial activation sequence mapping suggested a septal accessory connection site. However, the pattern of catheter-determined local ventricular preexcitation was consistent with the left free wall accessory connection site.
Discussion
The normal pattern of ventricular activation has been of interest to electrocardiographic investigators, and there is agreement that local activation of the right side of the ventricular septal summit and posterobasal left ventricle occurs late. Durrer et al. ' in their investigation of the activation sequence of the normal isolated human heart, determined that the endocardium of the right ventricular apex was activated 5 to 20 msec after onset of the left ventricular cavity potential, while acti-vation of the right side of the septal summit and epicardium of the posterobasal left ventricle were delayed until 25 to 45 msec and 45 to 75 msec after the onset of the left ventricular cavity potential, respectively. In our patients, catheter-determined activation times of these areas during normally conducted QRS complexes, referenced to the onset of the surface lead QRS, are in general agreement with their results. The activation times of these sites in our series are also in agreement with activation times determined with close (1 mm) bipolar electrode catheters2' 3 and the observations of Kossmann et al.4 in their early innovative investigations using cavitary unipolar electrocardiography in intact man.
The local ventricular electrograms routinely recorded in these studies were generally satisfactory for determining local activation times. However, two potential problems were apparent. To compensate for His bundle potentials of low amplitude it is common to use high-gain settings. In doing so, the initial low-amplitude, far-field ventricular activity in the His bundle recording is also amplified, making it difficult to determine the true local activation time, particularly if the amplitude of the ventricular potentials are electronically limited. Since the major purpose of recording coronary sinus electrograms has been to obtain local left atrial recordings, the gain settings used occasionally made it difficult to identify smaller posterobasal left ventricular potentials. Both of these problems are apparent in figure 6 and may be overcome by careful attention to technique.
When the sequence of ventricular activation is normal, one expects depolarization of the endocardium of the right ventricular apex to precede activation at the other recorded sites. ' We found this to be generally, but not invariably, true. There were no significant differences between those patients in whom the basal ventricular electrogram preceded the right ventricular apex electrogram and the remainder of the study group with respect to interval from His to right ventricular apex activation, interval from His to ventricular septal summit activation, or QRS duration. Therefore, a subtle interventricular conduction defect does not appear to explain this finding. One plausible explanation is that in some patients the right ventricular apex electrogram was not representative of the expected early activation of the anteroapical region of the right ventricle. Because the proximal electrode pair of a quadrapolar ventricular catheter was used to represent the apical region, our right ventricular apical electrograms may be more influenced by midseptal than by anteroapical individuals the activation of the right side of the septal summit precedes activation of the right side of the midseptum.
Timely activation of the right ventricular apex in man is dependent upon normal function of the right bundle branch while the right side of the septal summit and posterobasal left ventricle are normally activated via the left bundle branch. 1 Our findings are in keeping with these observations in that LBBB delayed activation of the posterobasal left ventricle and tended to prolong the activation time of the ventricular septal summit without altering the timing of activation of the right ventricular apex. RBBB delayed only the activation of the right ventricular apex. The effect of BBB on activation of the right ventricular apex and posterobasal left ventricle was previously studied by Castellanos et al. It has been noted that ventricular areas normally activated late might reveal local preexcitation if activated via a functioning accessory atrioventricular connection.6 Local posterobasal left ventricular preexcitation recorded from the coronary sinus has been observed in patients with manifest left free wall accessory connections.7 8 However, the timing of ventricular septal summit activation in individuals with ventricular preexcitation has not been rigorously examined.
Conventionally, the object of the His recording is to obtain a clear His bundle electrogram. Generally this is accomplished by selective filtration and amplification; deflections resulting from ventricular potentials are often clipped and are not considered in the usual measurements. As pointed out by Scherlag, the conventional bipolar His bundle deflection is "unipolar," since only one electrode of the pair is in intimate association with depolarization of His, while the ventricular electrogram at the His bundle site retains some bipolar characteristics .9 Ventricular electrograms in bipolar His bundle recordings vary greatly in configuration and amplitude from patient to patient, but in individuals are stereotyped from beat to beat over long periods of time. Although Castellanos et al.2' have expressed reservations regarding the consistency of local ventricular activation times recorded from the His bundle electrogram, our investigation found the timing of ventricular septal summit activation to be as stable as that recorded from other ventricular sites.
Conceptual diagrams of altered ventricular septal activation due to nearby Kent or Mahaim fibers were published by Durrer Activation of the right ventricular apex usually precedes that of the other recorded sites and is not advanced with manifest ventricular preexcitation, regardless of accessory connection site. Therefore, shift of a basal ventricular electrogram from a position after the right ventricular apex electrogram during a normally conducted QRS complex to one before it during a preexcited complex provides a simple, qualitative measure of local preexcitation. Twelve of the 17 instances (71 %) of local ventricular preexcitation during average fusion QRS complexes and 15 of the 16 instances (94%) of local ventricular preexcitation during maximum preexcitation could be identified qualitatively in this way. In comparison, qualitative identification of local preexcitation by a local ventricular electrogram preceding QRS onset could only be accomplished in eight instances (47%) during average fusion QRS complexes and 10 instances (63%) during maximum ventricular preexcitation. However, qualitative identification of local ventricular preexcitation by the shift of a basal ventricular electrogram from a position after the right ventricular apex electrogram during a normally conducted QRS complex to one before the right ventricular apex electrogram during a preexcited complex falsely identified three instances of local ventricular preexcitation during maximum ventricular preexcitation. In each case, the accessory connection was located in the left free wall and the 240 delay in activation of the right ventricular apex exceeded the delay in that of the ventricular septal summit. The ventricular septal summit electrogram therefore shifted to a position preceding the right ventricular apex electrogram. In addition, as illustrated in figure  2 , if a complex with functional RBBB is mistakenly considered to represent ventricular preexcitation, the qualitative method of identifying local ventricular preexcitation may falsely indicate posterobasal left ventricular and/or ventricular septal summit preexcitation secondary to the delay in right ventricular apex activation. Nevertheless, carefully used, the qualitative method of identification of local ventricular preexcitation may obviate the need for interval measurement to identify local ventricular preexcitation in many patients.
Although the number of patients in this study with manifest accessory atrioventricular connections at each location is small, the results suggest that measures of local ventricular preexcitation at sites from which recordings are routinely made during electrophysiologic study have value for localizing such connections. Local ventricular preexcitation at the coronary sinus alone indicates an accessory connection located in the left free wall or left crux. Isolated preexcitation of the ventricular septal summit occurred in a single patient with an anteroseptal accessory connection. Neither the coronary sinus ventricular electrogram nor the ventricular septal summit electrogram showed preexcitation in patients with right free wall accessory connections. Preexcitation was evident on both the coronary sinus ventricular electrogram and the ventricular septal summit electrogram in patients with posteroseptal accessory connections.
In this study we observed advancement of the timing of basal ventricular electrograms with average degrees of ventricular preexcitation. This presumably results from the identification of local ventricular preexcitation from sites normally activated late in the overall process of ventricular activation. Any preexcitation of these sites advances the timing of their local electrograms, providing an index of local ventricular preexcitation that is independent of the degree to which this preexcitation is manifest on the surface ECG ( figure  5 ). Localizing information may therefore be obtained without the need to produce or document maximum ventricular preexcitation.
Campbell et al.'5 reported the utility of a similar index of local ventricular preexcitation in localizing manifest accessory atrioventricular connections. They noted that sudden lengthening of a local ventricular cycle length (compared with other simultaneously re-corded local ventricular cycle lengths) by a programmed atrial extrastimulus that finds the accessory connection refractory has localizing value. In effect, what is being measured by this method is the loss of local ventricular preexcitation.
The method of localizing manifest accessory connections that is outlined here does not require retrograde function of the accessory connection and may therefore be particularly useful in patients with manifest preexcitation in whom retrograde conduction via the accessory connection cannot be induced at electrophysiologic study'6 or in whom the retrograde atrial activation sequence during accessory connection conduction cannot be determined. Endocardial detection, with the use of a catheter, of local ventricular preexcitation by this method may also be valuable when it indicates an accessory pathway location different from that discerned from atrial mapping. For example, discordance in the results of the two techniques may occur in patients with multiple accessory connections when one pathway is used during antegrade conduction and another is used during orthodromic tachycardia or when one or more connections are manifest only by aberrance during reciprocating tachycardia conducted through two accessory connections."7 18 When a complete electrophysiologic study cannot be obtained, observations of the kind we have described will usually be readily available and clinically valuable. Even when these observations do not serve a primary role in the localization of accessory connection, they may provide corroborative data.
